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(54) Joint structure of metal member and ceramic member and method of producing the same 



(57) A joint structure comprises a metal member (5) 
and a ceramic member (1) having a housing hole for 
accommodating at least a part of the metal member. An 
electrically conductive joint layer (1 7) is formed between 
a bottom face of the metal member and a bottom face 



of the housing hole. A film (1 4A) having a low wettability 
by the electrically conductive joint layer is formed on at 
least a part of side wall face of the metal member, in 
order to avoid a tendency for the joint layer metal to 
move up the side of the metal member when melted. 




# < 



1 EP 0 856 881 A2 2 



Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

This invention relates to a joint structure of a metal 
member and a ceramic member, and a method of pro- 
ducing the same. 

Description of Related Art 

At present, an electrostatic chuck is used for attract- 
ing and holding a semiconductor wafer in a transporta- 
tion of the semiconductor wafer, film forming processes 
such as exposure to light, chemical vapor deposition 
(CVD), sputtering and the like, or steps of micromachin- 
ing, cleaning, etching, dicing and the like. As a substrate 
for the electrostatic chuck, dense ceramics have been 
watched. Particularly, a corrosive halogen type gas such 
as CIF 3 or the like is frequently used as an etching gas 
or a cleaning gas in an apparatus for the manufacture 
of the semiconductor. Furthermore, the substrate for the 
electrostatic chuck- is desired to have a high thermal 
conductivity for rapidly heating and cooling the semicon- 
ductor wafer at a holding state. And also, it is desired to 
have a thermal shock resistance so as not to cause the 
breakage of the substrate due to a rapid temperature 
change. In this connection, a dense aluminum nitride, 
alumina and the like have a high corrosive resistance 
against the aforementioned corrosive halogen type gas. 

Moreover, a susceptor provided with a high fre- 
quency electrode therein for generating plasma is put 
into practical use in the field of semiconductor-manufac- 
turing apparatus. Even in the filed ol such an apparatus 
for generating high frequency power, a metal electrode 
is embedded in the substrate of aluminum nitride, alu- 
mina or the like. 

In these apparatuses, it is necessary that the metal 
electrode is embedded in the ceramic substrate of alu- 
minum nitride, alumina or the like and electrically con- 
nected to an external connector for supplying electric 
power. However, such aconnecting portion is exposed 
to heat cycle of extremely high and low temperatures in 
an oxidizing atmosphere or further in a corrosive gas 
atmosphere. Even in such bad conditions, therefore, the 
connecting portion is desired to hold a high joint strength 
and a good electrical connection over a long period of 
time. 

The inventors have already proposed a technique 
of manufacturing a ceramic heater, an electrostatic 
chuck or a high frequency electrode device used in the 
semiconductor-manufacturing apparatus, wherein a 
hole is made by machining in a substrate of aluminum 
nitride, silicon nitride or the like, and a metal electrode 
in the inside of the substrate is exposed from the hole, 
and a cylindrical fitting is inserted into the hole, and a 
top face of the metal fitting is brazed to the metal elec- 



trode (Japanese Patent Application No. 7-21657). 

However, it has been confirmed that this technique 
has still the following problems. Namely, there are some 
cases that a given joint strength and electrical conduc- 
tivity can not be ensured and hence the yield is lowered. 
For example, when the top face of the cylindrical metal 
fitting is brazed to the bottom face of the housing hole 
formed in the ceramic substrate, there may be caused 
a case that a sufficient amount of a brazing material is 
not retained in a joint portion of the housing hole be- 
cause the brazing material extremely rises toward the 
side of the metal fitting through wetting. For this reason, 
it tends to lower a strength when stress is applied to the 
metal fitting. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the invention to improve 
a joint strength of a metal member in a joint structure of 
a metal member and a ceramic member having a hous- 
ing hole for accommodating at least a part of the metal 
member therein. 

According to the invention, there is a provision of a 
joint structure of a metal member and a ceramic member 
having a housing hole for accommodating at least a part 
of the metal member therein, characterized in that the 
metal member is accommodated in the housing hole, an 
electrically conductive joint layer joining the metal mem- 
ber to the ceramic member is formed between a bottom 
face of the metal member and a bottom face of the hous- 
ing hole, and a film which is less wet with the electrically 
conductive joint layer than a metal constituting the metal 
member thereby is formed on at least a part of side wall 
face of the metal member, and a method of producing 
the same. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described with reference to the 
accompanying drawings, wherein: 

Fig. t is a diagrammatically section view of a joint 
structure as a comparative example examined by 
the inventors; 

Fig. 2a is a section view of an embodiment of a met- 
al composite member comprising a metal member 
5 and a film 36 formed on a surface of the metal 
member; 

Fig. 2b is a section view of another embodiment of 
. a metal composite member 1 3A; 
Fig. 2c is a section view of the other embodiment of 
a metal composite member 13B; 
Fig. 3 is a diagrammatically section view illustrating 
a state before the manufacture of an embodiment 
of the joint structure shown in Fig. 4 according to 
the invention; 

Fig. 4 is a diagrammatically section view of a first 
embodiment of the joint structure according to the 



1$ 



20 



25 



30 



35 



40 



45 



SO 



BNSDOCID: <EP 0656881 A2 J _> 



■ • • 



3 

invention; 

Fig. 5 is a diagrammatically section view of a sec- 
ond embodiment of the joint structure according to 
the invention; 

Fig. 6 is a diagrammatically section view of a third 5 
embodiment of the joint structure according to the 
invention; 

Fig. 7 is a diagrammatically section view of a 
shaped body 32 used for the manufacture of a ce- 
ramic member 1 shown in Fig. 6; 10 
Fig. 8a is a partly broken perspective view of a ce- 
ramic member 1 applied to the joint structures 
shown in Figs. 3-6; 

Fig. 8b is a perspective view of a reticulate electrode 

2 to be embedded in the ceramic member 1 shown is 

in Fig. 3a: and 

Figs. 9a-9c are perspective views of various em- 
' bodiments of a plate-shaped bulk electrode to be 
embedded in the ceramic member, respectively. 

20 

DESCRIPTION OF PREFERRED EMBODIMENTS 

At first, the inventors have made an experiment of 
joining a metal members to a ceramic member 1 having 
a configuration as shown in Fig. 1. In this case, a retic- 25 
ulate electrode 2 as mentioned later is embedded in the 
ceramic member 1 to be integrally sintered. And also, a 
circular concave portion 3 is formed in a back surface 
la of the ceramic member 1 , and further a housing hole 
4 having substantially a circular shape at its lateral sec- 30 
tion is formed in an inside of the concave portion 3. In 
the illustrated embodiment, a metal foil 6 is formed so 
as to cover a bottom face 4a of the housing hole 4 and 
a portion of a side wail surface 4b near to the bottom 
face thereof prior to the insertion of a cylindrical metal 35 
member 5 into the housing hole 4. 

A piate-shaped brazing material is interposed be- 
tween a bottom face 5a of the metai member 5 and the 
bottom face 4a of the housing hole 4 opposite thereto. 
And also, a tittle gap is existent between a side wall face 40 
5b of the metal member 5 and a side wall face 4b of the 
housing hole 4. 

When brazing is carried out at such a state, it is suc- 
ceeded to join the metal member 5 to the ceramic mem- 
ber 1 through an electrically conductive joining layer 8 45 
made of the brazing material as shown in Fig. 1. How- 
ever, there may be caused a case of lowering the joint 
strength of the metal member 5, particularly the joint 
strength against stress applied in a direction of an arrow 
A, and a case of raising an electrical resistance of the so 
joint portion to cause heat generation'. Further, when be- 
ing exposed to a higher temperature in air, the reticulate 
electrode 2 is oxidized and hence the joint strength and 
electrical conductivity considerably lower. 

The inventors have examined reasons on these ss 
problems and noticed that a part of the brazing material 
rises up in the gap 9 between the side wall face 5b of 
the metal member 5 and the side wall face 4b of the 



4 

housing hole 4 in the brazing step. That is, since the 
fluidity of the brazing material is caused in the brazing, 
the brazing material is fiuidized by a little load applied 
to the metal member 5 and own weight of the metal 
member 5 and flows toward a peripheral edge portion 
of the housing hole 4. In general, the ceramic member, 
particularly aluminum nitride member becomes hardly 
wettable by the brazing material, so that the surface of 
the ceramic member is made wettabte by the brazing 
material by covering the surface of the ceramic member 
with a metal foil 6. Thus, a part of the brazing material 
flowing on the bottom face 4a of the housing hole 4 to- 
ward the side wall face 4b thereof rises along the metal 
foil 6. 

However, a greater part of the brazing material 
tends to flow upward along the side wall face 5b of the 
metal member 5 and wet the side wall face 5b. As a re- 
sult, there is a tendency to create a brazing material lay- 
er 1 1 upward along the side wall face 5b. Such a brazing 
material' layer 11 hardly contributes to increase the joint 
strength of the metat ; member 5. And also, the brazing 
material to be originally packed between the bottom face 
5a of the metal member 5 and the bottom face 4a of the 
housing hole 4 is pulled upward to create a shrinkage 
cavity 7 accompanied with the formation of the brazing 
material layer 11 . As a result, it is considered that the 
joint strength of the metal member 5 is lowered by the 
shrinkage cavity 7. Furthermore, it is considered that the 
reticulate electrode 2 may be exposed by the shrinkage 
cavity 7 and oxidized when being exposed to a higher 
temperature in air. Moreover, it is considered that when 
the reticulate electrode 2 is exposed to a corrosive gas 
such as halogen gas or the like at a high temperature, 
it is liable to be corroded. 

The inventors have further studied such a joint 
structure and then reached a joint structure according 
to the preset invention as mentioned later. 

As shown in Fig. 2a, a film 36 which is less wet with 
an electrically conductive joint material such as a braz- 
ing material or the like than a surface of the metal mem- 
ber thereby is formed on a bottom face 5a, a side wall 
face 5b, a top face 5c and a C-chamfered face 5d of the 
metal member 5. A metai oxide film is preferable as such 
a film, but a film made from a material which is less wet 
with the electrically conductive joint material than a met- 
al of the metal member 5 thereby may be used. In the 
metal member, a round-chamfered face may be used 
instead of the C-chamfered face. 

Then, a part of the film 36 is removed out to expose 
a part of the surface of the metal member 5 in order to 
maintain the wettability of the metal member by the elec- 
trically conductive joint material. That is, it is necessary 
to remove out the film 36 from at least a portion of the 
side wall face 5b of the metal member 5 near to the bot- 
tom face 5a thereof. When the metal member 5 is used 
as an electric power supply member, it is particularly 
preferable to remove the film 36 from at least top face 
5c and bottom face 5a of the metal member 5 for reduc- 
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ing the electrical resistance of the metal member 5. 

Preferably, a metal composite member 13A is ob- 
tained by removing the film 36 from the top face 5c, bot- 
tom face 5a and C-chamfered face 5d of the metal mem- 
ber 5 so as to leave a film 1 4A on the side wall face 5b 
as shown in Fig. 2b. Alternatively, a metal composite 
member 1 3B is obtained by removing the film 36 from 
the top face 5c and bottom face 5a of the metal member 
5 so as to leave a film 1 4B on the side wail face 5b and 
C-chamfered face 5d as shown in Fig. 2c. 

As shown in Fig. 3, the metal composite member 
13A is inserted into the housing hole 4 to oppose the 
bottom face 5a of the metal member 5 to the electrically 
conductive joint material 1 6 such. as brazing material or 
the like. The ceramic member 1 to be joined in this em- 
bodiment will be described below. 

As shown in Figs. 8a and 8b, the reticulate electrode 
2 is embedded in the ceramic member 1 . The electrode 
2 comprises a substantially circular metal wire 2a con- 
stituting the'outer periphery of the electrode 2 and metal 
wires 2b reticulated inside the metal wire 2a, in which 
meshes 21 are formed between the metal wire 2a and 
the metal wire 2b and among plural metal wires 2b. 
Moreover, numerals 22 are through-holes passing pins 
for the support of a semiconductor wafer, respectively. 

In Fig. 3, a part- 2A of the reticulate electrode 2 com- 
prised of an electrically conductive member is exposed 
from the bottom face 4a of the housing hole 4. A surface 
1 6b of the electrically conductive joint material 16 is op- 
posed to the bottom face 4a of the housing hole 4 and 
the exposed portion 2A of the electrode 2, while the bot- 
tom face 5a of the metal composite member 13A is op- 
posed to another surface 16a of the electrically conduc- 
tive joint material 16. A joint structure as shown in Fig. 
4 is obtained by heating them at the above state. 

In Fig. 4, an electrically conductive joint layer 17 is 
formed between the bottom face 5a of the metal com- 
posite member 1 3A and the bottom face 4a of the hous- 
ing hole 4. The electrically conductive joint material 
flows while wetting the metal foil 6 located on the bottom 
face of the housing hole 4 in the fusion of such a joint 
material, so that the electrically conductive joint material 
flows up to substantially an end of the metal foil 6 to form 
a covering layer 18 made of the electrically conductive 
joint material. 

At the same time, the electrically conductive joint 
material wets the bottom face 5a of the metal composite 
member 13A. However, the surface of the Film. 14A 
formed on the side wall face 5b of the metaLmember 5 
becomes hardly wettable by the electrically conductive 
joint material, sothatthe electrically conductive joint ma- 
terial does not rise upward along the side wall face 5b 
of the metal composite member 13A. As a result, there 
can be prevented the formation of the shrinkage cavity 
due to the excessive flowing of the electrically conduc- 
tive joint material as shown in Fig. 1 . 

In the invention, a part of the electrically conductive 
material embedded in the ceramic member is exposed 
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from the bottom face of the housing hole accommodat- 
ing the metal composite member therein, so that such 
an exposed portion can be joined to the electrically con- 
ductive joint layer in the joining of the ceramic member 

5 to the metal member through the electrically conductive 
joint layer, whereby the joint strength between the ce- 
ramic member and the metal member can be more im- 
proved. By adopting such a specific joint structure, a 
high joint strength can be obtained even when the ce- 

10 ramie member is hardly wetted by the brazing material. 
In the joint structure shown in Fig. 4, a part of the 
reticulate electrode 2 embedded in the ceramic member 
1 is exposed from the bottom face 4a of the housing hole 
4 to form a partially exposed portion 2A. As a result, the 

is partially exposed portion 2A can be join to the metal 
member 5 through the electrically conductive joint layer 
17 (corresponding to a joint portion 41 ) while joining the 
ceramic material 1 to the electrically conductive joint lay- 
er 17 (corresponding to a joint portion 40). 

20 Further, a joint structure as shown in Fig, 5 can be 
obtained by using the metal composite member 13B in- 
stead of the metal composite member 13A in Fig. 3. In 
this case, the same members as shown in Fig. 4 -are 
given by the same numerals and the explanation thereof 

25 is omitted. In the joint structure of Fig. 5, the film 1 4B is 
formed so as to extend on the C-chamfered face 5d of 
the metal member 5, so that the C-chamfered face 5d 
is not wetted by the electrically conductive joint material 
and hence a covering layer 19 of the electrically con- 

30 ductive material as shown in Fig. A is not formed. 

In a joint structure of Fig. 6, a powdery sintered body 
30 is embedded between the bottom face 4a of the 
housing hole 4 and the reticulate electrode 2. A surface 
3Ga of the powdery sintered body 30 is joined to the met- 

35 at composite member 1 3B through an electrically con- 
ductive joint layer 35 and the other surface 30b.thereof 
is joined to the reticulate electrode 2 and the ceramic 
member respectively. In this embodiment, a metal foil 
6A is arranged on a portion of the bottom face 4a of the 

40 housing hole 4 not exposing the powdery sintered body 
30. 

As shown in Fig. 6, it is more preferred that the sin- 
tered powder body 30 is interposed between the elec- 
trically conductive member (or electrode) 2 embedded 

45 jn the ceramic member 1 and the metal composite mem- 
ber 1 3B because a transmission path of an oxidizing gas 
or a corrosive gas arriving at the electrically conductive 
member 2 becomes long. 

In order to manufacture such a joint structure, as 

so shown in Fig. 7. a shaped body 32 made of ceramic ma- 
terial is prepared and then fired. In the shaped body 32 
are embedded the reticulate metal, electrode 2 and a 
shaped body 33 made of metal powder as a raw material 
for the sintered body. In this case, numeral 32b is a side 

55 of the shaped body placing a semiconductor wafer ther- 
eon, and numeral 32a is a back side thereof. The pow- 
dery shaped body 33 is sintered by firing the shaped 
body 32 to form the sintered body 30. Then, the housing 
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hole 4 is formed by subjecting the resulting fired body 
to grinding from the back side 32a thereof. 

The electrically conductive material embedded in 
the ceramic member is preferable to be a plate-shaped 
bulk material made from a high melting point metal be- 
cause it is fired together with the ceramic powder. As 
the high melting point metal, mention may be made of 
tantalum, tungsten, molybdenum, ptatinum, rhenium, 
hafnium, and alloys thereof. From a viewpoint of pre- 
venting the semiconductor from contamination, the use 
of tantalum, tungsten, molybdenum, platinum or alloys 
thereof is favorable. Particularly, a metal having a ther- 
mal expansion substantially equal to that of the ceram- 
ics is preferable owing to the simultaneous firing. For 
example, molybdenum, tungsten and alloys thereof are 
preferable for aluminum nitride. 

As the plate-shaped bulk material, mention may be 
made of the followings: 

(1) A plate-shaped bulk material made of a thin 
sheet. 

(2) A bulk material of a plate-shaped electrode hav- 
ing many small spaces therein. This includes a bulk 
material of a plate-shaped body having many small 
holes therein and a reticulate bulk material. A 
punching metal can be exemplified as the plate- 
shaped body having many small holes. However, 
when the bulk material is a punching metal of a high 
melting point metal, since the hardness of the high 
melting point metal is high, it is difficult to form many 
small holes in the plate of the high melting point met- 
al by punching and the machining cost becomes ex- 
tremely high. In this connection, when the bulk ma- 
'terial is a wire mesh, a wire material of a high melt- 
ing point metal is readily available, so that the wire 
mesh can be manufactured by knitting the wire ma- 

1 terials. 

In the wire mesh, the shape, wire diameter and the 
like are not specifically limited. However, 150 meshes 
with a wire diameter of 0.03 mm to 6 meshes with a wire 
diameter of 0.5 mm can be employed without problems. 
Moreover, a sectional shape of the wire material consti- 
tuting the wire mesh in the widthwise direction may be 
various rolled shapes such as circle, ellipse, rectangle 
and the like. Here, one mesh means one wire per an 
inch." 

Fig. 9a is a perspective view of a punching metal 23 
usable as a metal electrode. The punching metal 23 is 
circular and is formed by forming many circular holes 
23b in a circular plate 23a in a rectangular arrangement. 
Fig. 9b is a perspective view of a circular thin sheet 24 
usable as a metal electrode. 

Fig. 9c is a plan view of a thin sheet 25 usable as a 
metalelectrode. In the thin sheet 25 are formed six rows 
in total of straight slender slits 25b and 25c in parallel to 
each other. Among these rows, three rows of the slits 
25b are opened downward in Fig. 9c and the other three 



rows of the slits 25c are opened upward. The slits 25b 
and 25c are alternately arranged to each other. By 
adopting such a configuration is formed an elongated 
electrically conductive path on the thin sheet. Terminals 
5 (not shown) are connected to both ends 25a of the elec- 
trically conductive path, respectively. 

The joint structure according to the invention may 
be applied to a device placed in the semiconductor- 
manufacturing apparatus using a halogen type corro- 
de sive gases and ozone gas as a film-forming gas or an 
etching gas. 

As such a device, mention may be made of a heater 
comprising a ceramic substrate and a resistance heat- 
ing element embedded therein, an electrostatic chuck 

75 comprising a ceramic substrate and an electrode for an 
electrostatic chuck embedded therein, a heater provid- 
ed with an electrostatic chuck comprising a ceramic sub- 
strate and a resistance heating element and an elec- 
trode for an electrostatic chuck embedded therein, a 

20 high-frequency generating electrode device comprising 
a ceramic substrate and a plasma-generating electrode 
embedded therein, a high-frequency generating elec- 
trode device comprising a ceramic substrate and a plas- 
ma-generating electrode and a resistance heating ele- 

25 ment embedded therein and the like. 

In the invention : the material of the ceramic member 
is not limited, but aluminum nitride and. alumina are fa- 
vorable in the apparatus using a fluorine type halogen 
gas. And also, the material of the metal member is not 

30 limited, but a high melting point metal such as nickel, 
molybdenum, tungsten, platinum, rhodium or an alloy 
thereof is particularly favorable. 

The material of the electrically conductive joint layer 
is not limited, but it is preferable to have a high airtight- 

35 ness and a small electrical resistance. From this point, 
a metallic brazing materia! is particularly preferable. A 
chemical composition of such a brazing material is not 
particularly limited. 

. Particularly, the brazing material is preferable to 

40 have a good joint strength and a high wettability to the 
ceramic member per se. That is, when the basic material 
of the ceramic member is alumina or aluminum nitride, 
it is favorable to use a brazing material comprising one 
of Cu, Ni, Ag and Al as a main ingredient, 0.3-20% by 

45 weight of an active metal selected from the group con- 
sisting of Mg, Ti, Zr and Hf and not more than 50% by 
weight of a third ingredient. However, it is desirable that 
Ag type brazing material is not used in applications re- 
quiring a corrosion resistance to the halogen type cor- 

$o rosive gas because it is low in the corrosion resistance. 
As the third ingredient, it is favorable to use at least 
one of Si, Al, Cu and In, which do not influence on the 
main ingredient. Particularly, it is preferable that when 
the main ingredient of the brazing material is Al, the join- 

55 jng is carried out at a low temperature and thermal stress 
after the joining is small. 

When the amount of the active metal compounded 
is less than 0.3% by weight, the wettability is poor and 
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the joining may not be conducted, while when it exceeds 
20% by weight, a reaction layer formed at a joint inter- 
face becomes thick and cracks may be created. For this 
reason, the amount of the active metal is 0.3-20% by 
weight. Further, when the total amount of the third ingre- 
dient compounded exceeds 50% by weight, an interme- 
tallic compound becomes much and cracks may be cre- 
ated at the joint interface. For this reason, the amount 
of the third ingredient is not more than 50% by weight. 
Moreover, the third ingredient may not be contained. 

The amount of the metal as a main ingredient of the 
brazing materia! is the remainder obtained by subtract- 
ing the sum of the amounts of the active metal and third 
ingredient from 100% by weight of the brazing material. 

Moreover, it is more preferable that a film of at least 
one metal selected trom copper, aluminum and nickel is 
formed on the bottom lace 4a of the housing hole 4 or 
the surface of the brazing material opposed to the bot- 
tom face 4a by spattering, vapor deposition, friction 
pressure welding, plating, insertion of metal foil or the 
like in the joining. Such a film has an effect of improving 
the wettability to the brazing material. 

Alternatively, t is more preferable that a film of at 
least one metal selected from magnesium, titanium, zir- 
conium and hafnium is formed on the bottom face 4a of 
the housing hole 4 or the surface of the brazing material 
opposed to the bottom face 4a by spattering, vapor dep- 
osition, friction pressure welding, plating, insertion of 
metal foil or the like in the joining. Such a film has an 
effect of improving the reaction to the brazing material. 
The thickness of such a metal film is favorable to be 
0.5-5 pirn. 

In each embodiment as shown in Figs. 4, 5 and 6, 
a distance p of a gap 9 between the side wall face of the 
metal member and the side wall face 4b of the housing 
hole 4 is preferable to be 0.2-1 .0 mm. When the distance 
p is less than 0.2 mm, the electrically conductive joint 
layer is liable to rise upward in the gap 9 through capil- 
larity and the effect of mitigating residual stress of the 
joint material is less and hence cracks are liable to occur 
in the ceramic member. On the other hand, when the 
distance p exceeds 1 .0 mm, the metal member 5 is apt 
to be removed when stress is applied to the metal mem- 
ber 5 in the direction of arrow A (see Fig. 1 ). 

As the film 36 to be formed on the surface of the 
metal member, use may be made of a film having a wet- 
tability by the electrically conductive joint layer lower 
than that of the metal constituting the metal member 
thereby, which includes the foilowings. 

(1 ) A metal oxide film formed by oxidation of a metal 
constituting the metal member a metal nitride film 
formed by nitriding of a metal constituting the metal 
member, or a metal carbide film formed by carbonizing 
of a metal constituting the metal member. The use of the 
films formed by oxidation, nitriding and carbonizing of 
the metal member is particularly favorable because the 
film is hardly peeled off from the metal member at heat 
brazing stage or by heat cycle applied to the joint portion 



according to the invention using the electrostatic chuck 
or the like and the thickness and physical properties of 
the film become easily uniform. Among them, the metal' 
oxide film is more preferable, . 

s The metal oxide film can most easily be obtained 
by subjecting the metal member to a heat treatment in 
air. Further, the metal oxide film, metal nitride film and 
metal carbide film may be formed by the well-known 
method such as a treatment with chemicals such as ac- 

10 id, alkali and the like. 

(2) A boron nitride film or carbon film. This film is 
hardly peeled off from the metal member at heat brazing 
stage or by heat cycle applied to the joint portion accord- 
ing to the invention, so that it is also preferable. 

15 (3) A film of metal oxide, carbide or nitride obtained 
by a treatment other than the oxidation, carbonizing or 
nitriding of the metal member. For example, this film may 
be obtained by applying a paste containing a metal ox- 
ide, metal nitride or metal carbide to a given portion of 

20 the metal member and then heating the resulting coated 
layer. In this case, Ti, Al and Mg are particularly prefer- 
able as the metal. 

The following examples are given in illustration of 
the invention and are not intended as limitations thereof. 

25 

(Comparative Example) 

An electrode apparatus 1 for generating plasma is 
manufactured according to procedures referring to Fig. 
30 1. in this case, a wire mesh obtained by knitting molyb- 
denum wires of 0.12 mm in diameter at a density of 50 
wires per 1 inch is used as a reticulate electrode 2. This 
wire mesh is embedded in a prershaped body of alumi- 
num nitride powder. 

35 The pre-shaped body is placed in a mold and her- 
metically sealed with a carbon foil. At such a state, the 
pre-shaped body is fired by hot-pressing at a tempera- 
ture of 1 950°C and a pressure of 200 kg/cm 2 for 2 hours 
to obtain a sintered body. The sintered body has a rel- 

40 ative density of not less than 98.0%. 

The thus obtained electrode apparatus 1 for gener- 
ating plasma has a diameter of 200 mm and.a thickness 
of 8 mm. A housing hole 4 having a diameter of 5 mm 
and a depth of 8 mm is formed in the sintered body by 

45 means of a machining centerf rom the back surface side 
of the sintered body to expose the reticulate electrode 
2 in the bottom face 4a of the housing hole 4. A titanium 
foil 6 having a diameter of 6 mm and a thickness of 5 
urn is placed on the.bottom face 4a of the housing hole 4. 

50 A brazing material plate 16 of pure Ag having a 
thickness of 200 urn is arranged in the housing hole and 
then a metal member 5 of nickel having a length of 6 
mm is inserted into the housing hole 4. In the center of 
the metal member 5 is formed a screw hole of M3 at a 

55 depth of 2 mm in order to conduct torque test after the 
joining. The brazing is carried out by heating at a tem- 
perature of 970°C under vacuum while applying a load 
of 50 g to the metal member 5. 
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Thus, a joint structure as shown in Fig. 1 is obtained. 
A test of applying torque to the metal member 5 in the 
direction of arrow A is conducted with respect to the joint 
structure. As a result, a maximum torque applicable 
without disengagement of the metal member 5 is 5 kg/ 
cm. 

(Invention Example) 

An electrode apparatus 1 for generating plasma ac : 
cording to the invention is manufactured according to 
procedures referring to Figs. 3 and 4. Moreover the re- 
ticulate electrode 2 and the sintered body as a ceramic 
member are the same as in the comparative example. 

A housing hole 4 having a diameter of 5 mm and a 
depth of 8 mm is formed by means of a machining center 
from the back surface side of the sintered body to ex- 
pose the reticulate electrode 2 in the bottom face 4a of 
the housing hole 4. Then, a titanium foil 6 having a di- 
ameter of 6 mm and a thickness of 5 u.m is placed on 
the bottom face 4a of the housing hole 4. A brazing ma- 
terial plate 16 of pure Ag having a thickness of 200 jam 
is arranged in the housing hole. 

On the other hand, an oxide film 36 is formed on the 
surface of the metal member 5 of nickel by heating in 
air at a temperature of 1000°C for 2 hours as shown in 
Fig. 2a. Then, the film 36 is removed off from the top 
face 5c, bottom face 5a and C-chamfered face 5d by a 
sand paper method to form a metal composite member 
1 3A as shown in Fig. 2b. 

As shown in Fig. 3, the metal composite member 
13A is inserted into the housing hole 4. In the center of 
the metal composite member 13A is formed a screw 
hole of M3 at a depth of 2 mm in order to conduct torque 
test after the joining. The 'brazing is carried out by heat- 
ing at a temperature of 970°C under vacuum while ap- 
plying a load of 50 g to the metal composite member 
13A. 

Thus, a joint structure as shown in Fig. 4 is obtained. 
A test of applying torque to the metal composite member 
1 3A in the direction of arrow A is conducted with respect 
to the joint structure. As a result, a maximum torque ap- 
plicable without disengagement of the metal composite 
member 13A is 10 kg/cm. 

As seen from the above, according to the invention, 
the joint strength of the metal member can be improved 
in the joint structure comprising the metal member and 
the ceramic member provided with the housing hole for 
accommodating at least a part of the metal member. 



Claims 

1. A joint structure of a metal member and a ceramic 
member having a housing hole for accommodating 
at least a part of the metal member therein, charac- 
terized in that the metal member is accommodated 
in the housing hole, an electrically conductive joint 



layer joining the metal member to the ceramic mem- 
ber is formed between a bottom face of the metal 
member and a bottom face of the housing hole, and 
a film which has wettability with the electrically con- 
s ductive joint layer lower than that of the metal of the 
metal member is formed on at least a part of side 
wall face of the metal member. 

2. A joint structure according to claim 1 , wherein the 
10 film is formed overthe full side wall face of the metal 

member. 

3. A joint structure according to claim 1 , wherein the 
metal member is provided on its lower portion with 

*s a C-chamfered face or a round chamfered face, and 
the film is not formed on the C-chamfered face or 
round chamfered face. 
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A joint structure according to claim 1 , wherein an 
electrically conductive member is embedded in the 
ceramic member by integrally sintering, a part of the 
electrically conductive member is exposed at the 
bottom face of the housing hole; and the exposed 
portion of the electrically conductive member is 
electrically connected to the bottom face of the met- 
al member through the electrically conductive joint 
layer. 



5. A joint structure according to claim 1 , wherein a 
30 plate-shaped metal electrode and a powdery sin- 
tered body of a low thermal expansion metal are 
embedded in the ceramic member, the metal elec- 
trode is made of a bulk member having many small 
spaces, the powdery sintered body is electrically 

35 connected to the- metal electrode, a part of the pow- 
dery sintered body is exposed from the bottom face 
of the housing hole, and the exposed portion of the 
powdery sintered body is electrically connected to 
the bottom face of the metal member through the 

40 electrically conductive joint layer. 

6. A joint structure according to claim 1 , wherein the 
film is selected from the group consisting of a metal 
oxide film formed by oxidation of a metal constitut- 
es ing the metal member, a metal nitride film formed 

by nitriding of a metal constituting the metal mem- 
* ber and a metal carbide film formed by carbonizing 
of a metal constituting the metal member. 

50 7. A joint structure according to claim 1 , wherein a ma- 
terial of the film is selected from the group consist- 
ing of boron nitride and carbon. 

8. A method of producing a joint structure of a metal 
55 member and a ceramic member having a housing 
hole for accommodating at least a part of the metal 
member therein, wherein the metal member is ac- 
commodated in the housing hole, and an electrically 
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conductive joint layer joining the metal member to 
the ceramic member is formed between a bottom 
face of the metal member and a bottom face of \h& 
housing hole, characterized in that a film which has 
lower wettability with the electrically conductive joint $- 
layer than the metal of the metal member is formed* 
on at least a part of side wall face of the metal mem- 
ber, the metal member is inserted into the housing 
hole, an electrically conductive joint member for 
joining the metal member to the ceramic member is 10 
arranged between the bottom face of the metal 
member and the bottom face of the housing hole,, 
and at least the electrically conductive joint member 
is heated to form the electrically conductive joint lay- 
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FIG. 2 a FIG. 2b 
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